Objectives-Motor vehicle exhaust fumes are the main source of atmospheric pollution in cities in industrialised countries. They cause respiratory disease and annoy people exposed to them. The relation between ambient exposure to air pollution mainly from motor vehicles and annoyance reactions in a general population was assessed. Also, the importance of factors such as age, sex, respiratory disease, access to the use of a car, and smoking habits on the reporting of these reactions was studied. 
Vehicle exhausts are the main source of air pollution in most cities in industrialised countries. They may cause respiratory disease, and more often, result in annoyance reactions including physical irritation. Despite the large populations exposed to traffic pollution sufficient to cause Three questions were concerned with how often the outdoor air during winter in the area A plot ofthe proportion of subjects who reported that they daily or almost daily found the air in the area where they lived to be irritating versus the sixmonthly average nitrogen dioxide concentrations. A greater proportion of subject bled in various ways by the air in city centre than by the air in the area. More found the outdoor a dirty or sooty than smelly or irrita prevalences in the city centres ran, to 26% (dirty or sooty), 0% to 2 and 0% to 18% (irritant). The h lences of smells were found in nearby industries, such as pulf emitted malodorous air pollutants
The strongest correlations be sures of air pollution and pi annoyed subjects by town or cit Table 3 Adjusted regression coefficientsfo dioxide 6-monthly average concentration (! in modelsfor log odds ofannoyance prevail between the six-monthly average nitrogen dioxide concentration and the prevalence of * * subjects who daily or almost daily found the air during winter in the town or city centres * (r = 0 66) or residential areas (r = 0 65) to be irritating. A direct age standardization with six age classes had little effect on the correlation coefficients; the coefficients for the two correlations already mentioned were 0-64 and 0-65, respectively. The figure shows the plot of * the proportions of subjects (age standardised) who reported that they daily or almost daily found the air in the area where they lived irritating against the concentration of nitrogen dioxide at the central monitoring station.
30
40 There was no indication of a threshold level in the examined plots. For all annoyance variables, the six-monthly the subjects average concentration of nitrogen dioxide gave to be annoy-better correlations than monthly maximum or from 2% to daily maximum concentrations. A multiple linear regression of annoyance prevalences on ts were trou-the six-monthly averages for concentrations of the town or nitrogen dioxide, sulphur dioxide, and black ir residential smoke showed that the annoyance prevalences ir frequently were significantly related only to the average nt. The local concentrations of nitrogen dioxide. The age ged from 1% standardized prevalence of reporting outdoor 8% (smelly), air as being irritating every, or almost every, ighest preva-day in the town or city centres and the residentowns with tial areas respectively, gave regression coeffimills, that cients of 0-64 (95% CI 0 39-088) and 0 43 (95% CI 0-28-0 59) for nitrogen dioxide con--tween mea-centrations. revalence of y was found r nitrogen 95% CIs) nces tv Never smoker.
ADJUSTED ASSOCIATIONS WITH AIR POLLUTION
When the fl-coefficients for the towns from the logistic regression were analysed with multiple linear regression, only nitrogen dioxide was a significant determinant, and the results were consistent in all seven models (table 3). The non-significant relations with sulphur dioxide and black smoke are not shown. The association with nitrogen dioxide was greater for the annoyance questions which dealt with different aspects of air pollution in the town or city centre than it was for questions on the outdoor air in the area in which the subject lived. The effect was strongest for reporting the outdoor air in the city or town centre as smelly or irritant. When the analyses were stratified for sex, there were some differences in the coefficients between men and women, but they were not consistent for the different annoyance variables.
INDIVIDUAL DETERMINANTS
The importance of individual characteristics was found in the logistic regression models. The results were similar for the different annoyance variables. Table 4 shows the results for the questions on the outdoor air being irritating. The frequency of reporting that the air was irritating was lowest in the youngest group, aged 16-24 years. Otherwise there was no age related trend. Women showed a significantly higher prevalence than men, the odds ratios being 1-4 and 1-5 for the two questions respectively.
Asthma, which was reported by 8% of the a respondents, was a strong risk factor, with odds ratios of 3-6 and 3 9, respectively for the two questions. Information about the quantitative relation between measured air quality and annoyance reactions related to air pollution has been lacking, although the importance of individual factors related to the reporting of annoyance in different situations has been described.9
In epidemiological studies of acute respiratory effects of short term variations in air pollution, people with asthma have been shown to be a susceptible group but whether or not this is due to nitrogen dioxide has not been conclusively proved.'0"1 Human chamber studies have generally shown effects on pulmonary function only at concentrations of nitrogen dioxide much higher than those reported in epidemiological studies. Particles, together with sulphur dioxide and ozone, are the most obvious pollutants that worsen asthma, but in Nordic countries where traffic is the major source of pollution, nitrogen dioxide has correlated significantly with hospital visits for asthma,'2 pulmonary function in people with asthma'3 and the prevalence of general symptoms.'4 Our results confirm that subjects with -symptoms of asthma more often perceive the outdoor air as irritating. Lack of access to a car resulted in higher odds ratios. This could mean that people forced to travel by walking from home, perceive more the annoyance from pollutants in the vicinity of their homes. Their attitudes toward traffic pollution may also be different from those who own cars.
In an earlier study Swedish women were more annoyed than men by vehicle exhausts.3
Also in this study adjusted odds ratios for women were higher than for men. It is possible that non-measured acquired attributes associated with sex explain at least parts of the difference between the sexes that remained after our adjustment. Women have been shown to be more environmentally concerned than men'516 and this might affect awareness and reporting. However, in a recent study after a clinical examination the typical sex differences in reporting sick building symptoms could not be explained by women overreportmg symptoms. '7 In this large study of 55 samples from all over Sweden, adjustment for various potential confounding factors at the individual level did not change the overall conclusion that the concentration of nitrogen dioxide is an important predictor of annoyance reactions, in spite of several individual characteristics being significant risk factors. The effects of adjustments for confounders may, however, differ from study to study depending on the populations included. As in all studies of ecological exposure variables, there may be uncontrolled confounders of an ecological nature. As nitrogen dioxide is predominantly generated locally from motor vehicles in these cities, other traffic related pollutants may contribute to the associations we found. Our results show that people can detect poor air quality related to motor vehicles at long term concentrations well below current guidelines, when assessed from a postal questionnaire. This suggests that questionnaire studies have a place in monitoring air quality, and that improvements in air quality will reduce the number of annoyed people. 
